Object. Experience with minimal-access surgical approaches for revision lumbar surgery has not been previously reported.
The advent of the MED technique allowed for a minimally invasive alternative to the traditional open microdiscectomy for decompression of the neural elements. 5 Investigators in a prospective multicenter study involving MED for the treatment of lumbar disc herniations reported good/ excellent outcomes in greater than 90% of their patients in a mean follow-up period of 13 months.
2 Similar results were achieved in another cohort of 150 consecutive patients in whom MED was performed for the treatment of lumbar disc herniation (mean follow-up period 12 months). 15 Despite encouraging MED-related results in primary lumbar disc herniation, most surgeons hesitate to perform MED for recurrent disc herniations and revision lumbar surgery. 6 Dense epidural scarring may make the procedure technically challenging and necessitate a generous exposure for complete identification of the scarred area. 9 Furthermore, the risk of increased morbidity due to revision lumbar surgery, including higher incidences of dural lacerations, nerve root injuries, and poorer long-term outcomes, may discourage most surgeons from using a minimally invasive approach to treat recurrent lumbar disc herniations.
Experiences with the MED technique for revision lumbar surgery have not been formally published. We report our clinical experience using the MED technique in the treatment of recurrent lumbar disc herniations. Its efficacy and complications in cases of recurrent disc herniation are compared between a revision and primary MED-treated group of patients.
CLINICAL MATERIAL AND METHODS
Between October 2000 and June 2001, 10 consecutive patients with recurrent same-level, ipsilateral side lumbar disc herniations underwent MED for their revision surgery. In nine open microdiscectomy was their primary surgery; in one MED was the primary technique. Data obtained in these patients are compared statistically with 25 consecutive patients who underwent surgery during the same period and in whom the MED system was used to treat primary single-level lumbar disc herniation; this patient group is a subset of those previously reported on for primary MED. 15 All surgeries were directly supervised or performed by the senior author (R.G.F.). All patients underwent preoperative plain radiography, magnetic resonance imaging with and without Gd, and/or computerized tomography myelography, and radiological results were consistent with clinical symptoms in all cases. Data were prospectively collected and compiled. Additional information was gathered from follow-up clinic visits and medical records.
The combined (primary-and revision-treated) patient population consisted of 17 male and 18 female patients (revision MED group six males and four females; primary MED group 12 males and 13 females). One female patient in each group was pregnant (third trimester). The mean ages in the two groups were 39 (revision) and 38 (primary) years, respectively.
Surgically treated disc levels for the primary MED group were L5-S1 (15 patients), L4-5 (eight patients), and L3-4 (two patients); for the revision MED group, there were six, four, and no patients undergoing surgery at the respective levels. All recurrent disc herniations were noted to be lateral on neuroimaging studies and clinically to produce unilateral radicular symptoms. In all cases, disc herniation was discovered at surgery and radiculopathy was not attributable to epidural fibrosis or scarring.
Surgery was performed after induction of general anesthesia with the patient placed prone and the spine flexed on a Wilson frame, except for the two pregnant patients in whom the lateral decubitus position was assumed for surgery. The surgical technique for lumbar MED has been outlined in a previous report; 15 the technique for revision MED is similar, with the following caveats: Steinmann pin insertion and serial dilation are undertaken over the middle or lateral aspect of the facet joint; soft tissue is cleared from the facet in a lateromedial direction; the medial edge of the facet is defined with curette, and the plane between the dura and the medial facet is appreciated and enlarged. Typically, very little ligamentum flavum is present; however, if this is not the case, it is left in place to protect the dura mater. A medial facetectomy is completed; the ligamentum flavum, if present, is removed; the nerve root is identified and retracted; and the discectomy is completed. In experienced hands, the surgical procedure proceeds in a remarkably similar fashion to a primary MED. The minimum follow-up period in both groups was 12 months (mean 18.5 months in the revision MED group and 20 months in the primary group).
The Student t-test and chi-square test were used for statistical analysis. A probability value less than 0.05 was considered significant.
RESULTS
Data were collected prospectively, and clinical outcomes were graded using modified Macnab criteria (Table  1) . 15 According to these criteria, at a mean of 18.5 months postoperatively, outcome was excellent in five (50%), good in four (40%), fair in zero, and poor in one (10%) of the revision MED-treated patients. Complications were few but included one intraoperative CSF leak in each group (none requiring postoperative treatment) and one recurrent disc herniation in the revision MED group. No other significant morbidity including wound infection or neural injury occurred in either group. There was also no incidence of delayed instability noted in either group at last follow-up examination.
The mean operative time in the primary and the revision MED groups was 88 and 98.5 minutes, respectively (p = 0.42). Intergroup blood loss was also not significantly different (p = 0.73). Length of hospital stay was 12.2 hours in the revision MED group and 10.7 hours in the primary MED group (p = 0.39).
DISCUSSION
The clinical success rate of primary open lumbar microdiscectomy has been fairly consistent, with long-term pain relief reported in 70 to 90% of cases (although evaluation methods have varied). 4, 10, 13, 19 Microendoscopic discectomy approaches for primary lumbar disc herniation have also yielded comparable success rates, although long-term outcome data are still forthcoming. 1, 15 In terms of reoperation for recurrent lumbar disc herniations, open discectomy has resulted in acceptable relief of radicular pain and overall success rates comparable with the primary surgery. 3, 7, 8, 17, 18 In general, factors favoring a successful outcome after reoperation for recurrent lumbar disc herniation have included a pain-free interval longer than 6 months after the initial surgery, revision incorporating a fusion, and a definitive finding of a recurrent disc at surgery. 11, 16, 17 In our preliminary experience with the MED technique for recurrent lumbar disc herniation, outcomes have been encouraging. Nine (90%) of our 10 patients experienced relief of radicular pain during a mean follow-up period of 18 months. This result compares with relief documented in 94% of 150 patients in different series in which MED was performed to treat primary lumbar disc herniation and 96% (of 100 patients) in another series in which the same outcome scale was used. 6, 15 A comparative breakdown is shown in Fig. 1 . Despite similar overall successful outcomes achieved in the primary and revision MED series, a smaller percentage of patients in the revision MED group can be placed in the "excellent" category compared reported a success rate of 81% in their 92 patients who underwent lumbar reoperation. Further subdivision of their outcome data shows that the outcome was excellent in 22%, good in 30%, and satisfactory in 29%. A comparative graph is shown in Fig. 1 . In their series of open lumbar reoperation for radicular pain, Ozgen, et al., 12 also reported a good outcome of 69% according to the Prolo Scale, which is analogous to our 89% excellent/good outcome. Other authors have also published similar clinical outcomes for open reoperative lumbar microdiscectomies. 7, 8 Complications in our series were few but included one dural tear in each group. Neither required further surgical intervention. No neural injury occurred. Although our follow-up period may remain short, there is no evidence in either group of delayed lumbar instability.
Although our series was limited to cases of recurrent lumbar disc herniation, minimal-access techniques are suitable for a variety of revision spinal surgeries. Residual or recurrent lateral recess stenosis could be readily approached using the MED technique following prior laminectomy or foraminotomy. Additionally, cases of failedback syndrome requiring revision discectomy and fusion can also be treated using minimal-access techniques. In a study of 45 patients treated for single or multiple recurrent disc herniation, of which 24% required concurrent fusion, Baba, et al., 1 concluded that minimal destruction of the posterior elements was crucial for improving outcomes in revision lumbar surgery. Minimal-access techniques are ideally suited for reducing destruction of posterior elements, which includes muscle, ligaments, and bone.
CONCLUSIONS
Our early experience with the MED system for recurrent lumbar disc herniations has been promising. The clinical outcomes, with a follow-up period of longer than 1 year, are comparable with previously published results after standard MED for primary lumbar disc herniation and open microdiscectomy for recurrent lumbar disc herniation. Operative time, blood loss, length of hospital stay, and complications were comparable in both primary MED-and revision MED-treated patients. We have also noticed that in reoperation in morbidly obese patients, MED has been particularly effective and perhaps preferable over the open approach. Overall, in the treatment of recurrent lumbar disc herniations, MED is a safe and effective alternative to conventional surgery. 
